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(54) Combustible compositions 
containing gas oil, methanol and a 
fatty acid ester, for use in particular 
for supplying diesei engines 

(57) A diesel fuel comprises from 20 
to 90% by volume of at least one gas 
oil, from 5 to 60% by volume of 
methanol, and from 5 to 60% by 
volume of at least one C,^ alkyi ( 



of a saturated or unsaturated 
fatty add. The cetane number of the 
composrtion should be at least 40 and 
If necessary a cetane-number- 
improving additive may be added. The 
ester is preferably derived from a 
^14-22 unsaturated acid or a Cq_,4 
saturated acid and may be obtained 
by transesteiification of a fatty 
substance of vegetable or animal 
origin. 
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SPECIFICATION . 
Combustible compositions containing gas il, methan I and a fatty acid estar, for use in particular 
for supplying diesel engines 

The present invention concerns novel combustible compositions that can be used in particular for 
5 fuelling diesei engines. ^ 

It is known that methanol is not soluble under nomnal conditions in most gas oils, even those 
having the highest proportions of aromatic hydrocarbons, and it would be interesting if methanol could 
be substituted for a part of the gas oil in diesel engine fuels, as has been possible in petrols for 
controlled ignition engines. 

1 0 However, if an attempt is made to replace gas oil by methanol, it is necessary to overcome the • O 
difficulties resulting from the reduction in the cetane number, which is markedly more substantial with 
methanol than with any other substance that it might be desired to introduce into gas oil, as well as the 
above-indicated problems involving solubility. 

Certainly, there are agents that render methanol and gas oils compatible. In this connection, 

1 5 reference may be made, for example to alcohols that are heavier than methanol, such as butanol, or 15 
butanol-acetone mixtures, but such substances must be added in substantial proportions: moreover, 
they have no favourable effect on the cetane number of the mixture and they usually do not enable a 
satisfactory level of viscosity to be attained. 

The present invention results from the discovery that relatively substantial proportions of 

20 methanol can be rendered compatible with gas oils, using an agent in the form of fatty acid esters as 20 
will be defined hereinafter. Using such fatty acid esters also makes it possible to maintain the cetane 
number of the mixtures at values that are acceptable for diesel fuels, and satisfactory levels of viscosity. 

The combustible compositions of the present invention comprise from 20% to 9096 by volume of 
at least one gas oil; from 5 to 60% by volume of methanol; and from 5 to 60% by volume of at least one 

25 C,^ alkyi ester of a €^22 monocarboxylic acid with a saturated or unsaturated aliphatic hydrocart>on 25 
chain. 

The gas oils invohred in the present Invention are conventional gas oils, tnat is to say, cuts or 
petroleum origin tiiat boil in a range of from 1 20—1 90^C to 300— 380«C, vMi a mean molecular 
weight of about 200 {the molecular weight of the constituents of the gas oils can range from about 1 30 

30 to about 250). They also have a variable proportion of aromatic hydrocaitx>ns (for example from 20 to 30 
35% by weight). Their kinematic viscosity at 20°C is generally a few centistokes, for example from 
about 4 to 9 cSt They have a cetane number of 38 to 58. Such gas oils may result from atmospheric 
distillation of crude oil or other refining operations such as cracking or hydrocracking. 

Examples of fatty acid esters that can advantageously be used include methyl esters, ethyl estera 

35 and isopropyl esters of saturated aliphatic acids such as caproic acid (Cg), enanthic acid (C^), caprylic 35 
add (CJ, pelargonic acid {CJ, capric acid (C,o), undecanoic acid, lauric acid (C^j), tridecanok: acid and 
myristic acid (C^^); and methyl estere, ethyl esters and Isopropyl estere of aliphatic acids having one 
ethylenic unsaturation such as myristoleic acid (CJ, palmltoleic acid (CJ, oleic acid [OJ, gadolelc acid 
(C20) and emcic acid (C22). Methyl esters are prefenred. 

40 The saturated or unsaturated fatty acid esters considered in the present invention enjoy good 40 
solubility in gas oils, and a good degree of compatibility witii tiie methanol, whose dissolution in the gas 
oils in substantial amounts they therefore facilitate. This faculty, which occurs at ambient temperature 
and above, is usually retained at temperatures lower than ambient 

The fatty acid esters used in the invention may be prepared from tiie fetty acids tiiemselves when 

45 tfiey are readily available. In tiiat case, operation is by means of simple esterification by means of the 45 
suitable C, to C3 alcohol (for example, metfianol, etiianol or isopropanol), using any conventional 

method.^^ may also be prepared by transesterfflcation from esters in which the alcohol residue is 
derived from other than C,_3 alcohols. This process is particularly applicable when the raw materials to 
50 be used are natural fatty substances (e.g. oils or greases of vegetable or animal origin) compnsing 50 
mixtures of glyceric estere of various saturated or unsaturated fatty acids. Examples of fatty substances 
of vegetable origin include colza, sunflower, soya, maize, cotton, almond, groundnut, olive, palm, palm- 
cabbage, coconut and copra oils. 

- Castor oil (in particular mamona oil) and linseed oil may also be mentioned. However, the last two 
55 have a degree of unsaturation that is much too substantial to produce alkyI esters that can be used as 55 
constituents of diesel fuels. In order to be able to use those oils, they will have to be stabilized by being 
subjected to preliminary partial hydrogenation. 

Lard and tallow can be mentioned as examples of fatty substances of animal rigin. 
In order to produce the esters or the mixtures of estere r quir d, transesterification Is carried out 
60 by means of m thanol (for example using the process disclos d in U.S. Patent No. 2 360 844), ethanol 60 
or isopropanol, according to circumstances. 

When in accordance with the inv ntion. combustibi compositions containing for xample from 
about 5 to 1 5% or in s me cas s up t 20% by volum of methanol are to b prepared, it is 
advantageous for the fatty acid ester used to compris atl astonem thyl. ethyl or isopropyl est rofa 
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tatty add with a long unsaturated chain {or a mixture of methyl, thyl or isopropyl stersoffetty acids 
containing a sul)stantial proportion of fatty acids with a long unsaturated chain). Such fatty acids 
contain for xample from 14 to 22 carbon atoms and th y ss ntially comprise th abov -m ntloned 
acids, namely myristol ic,palmltol Ic, oleic, lin I ic,gadoieic and erucic acids, and also mixtures of fatty 
5 acids derived from colza, sunflower, soya, maize, cotton, almond, groundnut, oliv , palm and palm- 
cabbage oijs. lard and tallow. 

Consideration will be more particularly given, in accordance with the invention, to colza oils in 
which the "acid" part contains a reduced proportion of erucic acid, soya oil, cotton oil and palm oil (in 
particular Oende palm oil); and to lard. 
1 0 ' The following Table sets out the main fatty acids that form the "acid" part of such oils and 
greases. 



oil 

acid 

% by weight 


colza 


soya 


cotton 


palm 


lard 


palmitic 




6.5 


21 


43 


27 


stearic 










19 


oleic 


65 


33.5 


43.5 


44.5 


42 


ilnoleic 


20 


52.5 








linolenic 


8 











Under these circumstances, the particular oomposttions considered contain from 20 to 90% by 
volume of gas oil; from 5 to 20% by volume of methanol, and from 5 to 60% by volume of fetty acid 
15 ster. 15 

Such compositions have particularly high cetane numbers of about 40 or higher. 

If It is desired to form combustible compositions containing more substantial proportions of 
methanol, for example up to 50% by volume, methyl, ethyl or isopropyl esters of fatty acids with a 
relatively shorter saturated chain may advantageously be used. These involve more particularly fatty 
20 acids containing from 6 to 1 4 carbon atoms, for example caproic, caprylic, capric anid lauric acid, or 20 
myristic acid, or mixtures of acids originating from natural fatty substances such as copra oil and 
coconut oil. 

Consideration will be more particularly gh^en, in accordance with the invention, to coconut oil (in 
particular "babassu" oil), the "add" part of which primarily contains about 48% of lauric acid, about 
25 17.5%of myristic acid and about 9% of palmitic acid. 25 
The particular combustible compositions which are considered in this case contain 
from 25 to 70% by volume of gas oil; from 1 0 to 50% by volume of methanol, and from 20 to 60% 
by volume of fetty acid ester. 

The combustible cornpositions according to the invention that contain the largest amount of 
30 methanol (for example more than 30%) may have a cetane number that is too low for satisfactory use as 30 
base fuels for diesel engines. In this case, it is possible to increase the cetane number by resorting to 
conventional additives such as alkyi nitrates (for example amyl, hexyl or oct/l nitrate), which are then 
added in proportions of from 0.1 to 6% by weight, so as to produce a suitable cetane number, for 
xample 40 or higher. 

35 An additional advantage of using fatty acid esters in order to render methanol compatable with 35 
gas oils is that, as those fatty acid esters malce it possible to maintain a sufflcientiy high level of 
viscosity, they therefore malce it possible to combat wear in the injection systems of diesel engines 
(pumps), such wear generally being found when gas oils containing alcohols to supply such engines are 
used. 

40 Moreover, when used as fuels for diesel ngin s,itisp ssible forth compositions according to 40 
the invention to hav add dtoth mvari usconv ntional additives that are compatibi with the fatty 
acid est rs used. Thus, anti-^^xidants may be incorporated as well as other additives, .g. for improving 
the cold characteristics and anti-smok additives. 

Th following xampi s illustrat but do n t limit the invention. Examples 1 , 1 4 and 1 5 are given 
45 by way of c mparison. 

In these examples, use is essentially made of two different gas oils, referred to as gas il 1 and 
gas il2,th main characteristics of which are set out hereinafter: 
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Gas oil 1 Sp cific gravrty at 20*^C 
Viscosity at 20<^C 
Cloud point 
Pour point 

5 Filtrability limit temperature 

Distillation range 
Aromatics content 
Cetane number 
Gas oil 2 Specific gravity at 20^C 
10 viscosity at 20''C 

Cloud point 
Pour point 

Filtrability limit temperature 
Distillation range 
1 5 Aromatics content 

Cetane number 



20 



25 



35 



40 



45 



0.828 

4.16cSt 
-2*»C 
-18<»C 
-8°C 

167— 359*C 

24% 

54 

0.848 
3.66 cSt 

-23«C 
-27«C 
-23«C 

182— 329°C 

35% 

42.4 



10 



15 



In addition, inter alia fatty acid esters, methyl esters of various vegetable oils and methyl esters of 
lard were also used. Preparation of methyl esters of vegetable oils is illustrated hereinafter by the 
preparation of methyl ester of colza oil. 

Using a 1 0 litre glass Grignard reaction vessel provided with an agitator, a thermometer, a 
bottoms valve and an external heating means, there is introduced 5 kg of refined colza oil which has 
been previously dehydrated for a period of 2 hours at 1 0O^'C, under a pressure of from 6.5 to 7 millibars. 

The colza oil, after treatment in this way, has an acid value of 0.05 mg KOH/g and a saponification 
index of 192 mgKOH/g. 

The agitator in set in operation and the oil Is heated to 55 to 60°C: thereafter, a solution comprising 
876 g of absolute methanol and 9 g of metal sodium is incorporated therein over a period of 5 minutes. 
The mixture is left to react for 1 hour and then agitation Is stopped. 

After settiing for 30 minutes, the lower phase which essentially comprises glycerine (650 g) is 
removed by way of the bottoms valve. 620 cm^ of distilled water which has been previously heated to a 
30 temperature of 60°C is then added to organic phase In the reaction vessel. After vigorous agitation for 
a period of 1 5 minutes, the mixture is left at rest for the same period. The aqueous washing phase 
which settles is removed as described above. The washing operation is repeated twice with 320 cm^ of 
water. 

The organic phase recovered is dried on anhydrous socium sulphate and then briefly filtered, 
followed by evaporation at 1 00*>C under reduced pressure (6.5 to 7 millibars) for 1 hour, in order to 
remove therefrom the last traces of methanol. 

4750 g of the desired product is finally obtained, and analysis of the product shows that the 
methyl ester content is higher than 95% by weight The main characteristics of tiie mixture of esters are 
set out in Table 1 below. 

PrBparation of methyl esters of lard is also described hereinafter. 

Under operation conditions identical to those described above, alcoholysis is effected in respect of 
6 kg of lard of commercial origin, which has b enprevi usiydehydrat data temperature of 100°C 
under a pr ssure of 6.5 to 7 millibars, for a period of 2 hours. After treatment in this way, tfie lard has: 
an acid value of 1 .3 mg KOH/g, and 
a saponification index of 1 99 mg KOH/g. 

Alcoholysis is performed with 1 090 g of absolute methanol and 1 4 g of sodium. 
Analysis of the organic phase produced (6241 g) shows am thyl st rcont ntof about 97%by 
weight The main characteristics of this mixture of esters are s t out in TabI 1 below. 



20 



25 



30 



35 



40 



45 
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TabI 2 b low also shows certain charact ristics of a m thyl oleate, methyl laurate and isopropyl 
myristat , which are also used in c rtainexampi s. 

TABLE I 



Product 

Characteristics 


Methyl esters 
of colza oil 


Methyl esters 
of lard 


Specific gravity (20 -C) 


0.880 


0.870 


Flash point 


188 


180 


(closed vessel) CC) 






Acid value 


0.05 


0.01 


(ma KOH/a) 






Viscosity 






(est) at 50«C 


3.75 


4.05 


Cetane number 


45 


56 


Distillation 






Starting point C'C) 


321 


309 


Final point (*C) 


350 


340 



TABLE 2 



Product 

Characteristics 


Methyl 

oleate 


Methyl 
laurate 


Isopropyl 
myristate 


Specific gravity (20«»C) 


0.875 


0.870 


0853 


Saponification index 


195 


260 


208 


(mg KOH /g) 








Acid value 


0.05 


0.03 


0.04 


(mg KOH /g) 








Cetane number 


52.0 


59.6* 


66-7** 



* Number of a 50% mixture in gas oil 1. 
Number of a 50% mixture in gas oil 2. 



5 EXAMPLE 1 (comparativ ) 

Methanol was mix d with each of gas'olls 1 and 2 described her inbefore, in respective 
proportions of 1 0 and 1 5% by volume of methanol for 90 and 85% by volume of ach of the gas oils in 
question. 
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Complete separation of th constituents of the mixture is bs rv d, that is to say, it is impossible 
to produce a h mog nous mixtur , v n st I vated t mp rature. 

EXAMPLE 2 

The attempt is made to oompatibilise increasing proportions of methanol with gas oils 1 and 2 as 
5 defined hereinbefore, using a methyl oleate as the third constituent 

It was possible to form compositions, the proportions (by volume) of which are set out below. The 
cetain number of the resulting compositions is specified: 



10 



15 



Gas oil 1 (%) 


Methanol (%) 


Oleate 1 {%) 


Cetane 
number 


76 


5 


19 


52.8 


57 


5 


38 


47.0 


72 


10 


18 


47.7 


54 


10 


36 


42.8 


45 


10 


45 


43.9 


30 


15 


55 


41.5 


20 


20 


60 


39.9 


Gas o\\2(%) 


Methanol {%) 


Oleate 1 {%) 


Cetane 
number 


45 


10 


45 


42.3 


42.5 


15 


42.5 


39J% 



10 



15 



EXAMPLE 3 

^0 Compositions in accordance with the invention are formed by using a methyl oleate of a different 20 
origin. 

The proportions by volume of the constituents and the cetane number of the mixtures produced 
are set out below: 



25 



Gasoil1(%) 
20 



Methanol {%) 
20 



Oleate 2 {%) 
60 



Cetane 
number 

44.0 



25 



Gasoil2(%) 
42.5 



Methanol (%) 
15 



Oleate 2 (%) 
42.5 



Cetane 
number 

40.6 



EXAMPLE 4 

Compositions in accordance with the invention were produced using the mixture of methyl esters 
30 of colza oil, as described above. 



Gasoll2(%) 
50 
35 



Methanol {%) 
15 
20 



Colza oil 
esters (%) 

35 

45 



Cetane 
number 

41.2 

40.0 



EXAMPLES 5 to 7 

35 ThisExampI inv Iv s the preparation of various mixtures of methyl est rsofoth rveg table its, 35 
gas oil and methanoL Th proportions of the compositions produc d and their cetane number ar s t 
ut below. 
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Gas oil 
% V L 


Methanol 

% V I. 


M thyl esters of the 
following ils 

To V !• 


C tan 


(1) 50 


15 


soya 35 


39.8 


(1) 50 


15 


cotton 35 


41.5 


(2) 42.6 


15 


palm 42.5 
(Dende) 


40.2 



EXAMPLES 

Compositions in accordance with the invention were produced using the above-described mixture 
of methyl esters of lard: 



Gasoil2(%) 
43.5 



Methanol (%) 



13 



Lard 
esters (%) 

43.5 



Cetane 
number 

41.0 



EXAMPLES . ^ 

The attempt was made to compatibilise increasing proportions of methanol with gas oil! , as 
1 0 defined hereinbefore, using methyl caproate. 

The compositions fomned are as follows: 



15 



Gasoil(%) 


Methanol (%) 


Methyl 
caproate (%) 


Cetane 
number 


62.5 


16.5 


21 


36.2 


49.5 


26 


24.5 


27.0 


26.5 


47 


26.5 


20 



10 



15 



In order to improve the cetane number of each of the foregoing compositions, amyl nitrate was 
added thereto, in the respective proportions as follows: ®.5%, 2% and 6% by weight, and compositions 
were produced, with the respective cetane numbers as follows: 42.4; 40.3; and 39.6. 

20 ^^^^^^^p^^g^3jg.„^he same way to compatibilise in 
gas oil 1 , using methyl caprylate as the third constituent 
The following compositions were formed: 



25 



Gasoll(%) 


Methanol (%) 


Methyl 
caprylate (%) 


Cetane 
number 


65.5 


13 


21.5 


38.5 


51.5 


23 


25.5 


31.7 


25 


50 


25 


22.8 



25 



in order to improve the cetane number of each of these compositions, amyl nitrate was added 
30 thereto, in the respective proportions as follows: 0. 1 %, 1 % and 4% by weight, and compositions were 30 
produced, with the respective cetane numbers as follovi/s: 41 .0, 40.8 and 40.2. 



EXAMPLE 1 1 

Various comp sitions in acc rdance with the inventi n were produc d, by using methyl laurat as 
th fatty add ester (th proporti nsaresp cified by voium ). 
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Methyl C tane 

GasoUl{%) Methan laurate(%} number 

42.5 15 42.5 40^ 

40 20 40 36.8 

5 25 20 55 40.9 



It was possible to improve the cetane number of the second composition (It was increased to 
40.9) by the addition of 0.2% by weight of amyl nitrate. 

EXAMPLE 12 

The fetty acid ester used was Isopropyl myristate. The following compositions were produced 
1 Q (proportions by volume): 1 0 



15 



Gas oil 1 {%) 


Methanol (%) 


Isopropyl 
myristate {%) 


Cetane 
number 


25 


20 


55 


40.3 


Gas oil 2{%) 


Methanol (%) 


Isopropyl 
myristate {%) 


Cetane 
number 


42.5 


15 


42.5 


40.7 



EXAMPLE 13 

A composition in accordance with the invention was prepared, using methyl esters of coconut 
oil (babassu) as the fatty acid esters, and the cetane number thereof was determined: 

20 Methyl esters {%) Cetane 

Gas oil 1 (%) Methanol (%) of coconut oil number 



25 20 55 40.8 

EXAMPLES 14 and 1 5 (comparative) 

The following were used, to try to dissohre methanol in a gas oil: 
25 — isobutyloieate (Example 14) and 25 
— 2-ethylhexyt oleate (Example 1 5). 

Mixtures were prepared, containing 42.5% by volume of gas oil 2, 1 5% by volume of methanol 
and 42.5% by volume of each of the two esters referred to above. - 

The mixtures suffer from complete separation of the constituents thereof, even at elevated 
30 temperature, 30 



Tests on a Diesel Engine 

Some of the compositions of the invention were tested in an agricultural tractor diesel engine (a 
speed of 2400 rpm), for 50 hours for each composition. 

The compositions were the following mixtures (by volume): 

35 1 gas oil 1 : 54% — methyl oleate : 36% — methanol : 1 0%. 35 

2 gas oil 2: 42.5% — isopropyl myristate : 42.5% — methanol : 1 5%, 

3 gas oil 1 : 25% — methyl laurate: 55% — methanol : 20%. 

4 gas oil 1 : 25% — methyl esters of 'l>abassu" coconut oil : 55% — methanol : 20%. 

These tests did not show any operating problem difficulty. No deposits at the injectors were 
40 found. Moreover, it was found that the power output of the engine was maintained n rmally. ^ 

CLAIMS 

1 . A combustible composition comprising from 20 1 90% by volume of at least one gas oil. fr m 

5 to 60% by volume of methanol, and from 5 to 60% by volume of at least on C,^ alkyi est r of a C^22 
saturated or unsaturated fatty acid. 
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2. A composition according to Claim 1 comprising from 20 to 90% by volume of at least one gas 
il, frpm 5 to 20% by volum of methanol, and fixim 5 to 60% by volume f at least one alkyi ster 

of at i ast one unsaturated 0^^.22 

3. A composition according to Gaim 2 in which the proportions of th constituents are such that 

5 the cetane numb r is at least 40. 5 

4. A composition according to Claims 2 or 3 in which the unsaturated fatty acid ester is methyl 
ethyl or isopropyl oleate. 

5. A composition according to Claim 2 or 3 In which the unsaturated fatty acid ester is the product 
f transesterification by methanol, ethanol or isopropanol of a fatty substance of vegetable or animal 

1 0 rigin, the acid part of which contains a substantial proportion of 3 ^14-22 unsaturated fatty acid. 1 0 

6. A composition according to Claim 5 in which the fatty substance of vegetable or animal origin is 
colza« sunflower, soya, maize, cotton, almond, goundnut olive, palm or palmH:abbage oils, lard or 
tallow. 

7. A composition according to any one of Claims 2 to 6 In which the fatty acid ester is a methyl 

15 ester. 15 

8. A composition according to Claim 1 comprising from 25 to 70% by volume of at least one gas 
oil, from 1 0 to 50% by volume of methanol, and from 20 to 60% by volume of at least one C^_^ alkyI 

ster of at least one Cg_4 satuarated fatty acid. 

9. A composition according to Claim 8 in which the proportions of the constituents are such that 

20 the cetane number is at least 40. ^ 20 

1 0. A composition according to Claim 8, that also contains a portion of cetane-number-improving 
additive sufficient to produce a value of at least 40. 

1 1 . A composition according to any one of Claims 8 to 1 0 in which the saturated fatty add ester is 
methyl, ethyl or isopropyl caprylate, caproate, caprate, laurate or myristate. 

25* 1 2. A composition according to any one of Claims 8 to 1 0 in which the saturated fatty acid ester is 25 
the product of transesterification by methanol, ethanol or isopropanol of a natural fatty substance, the 
acid part of which contains a substantial proportion of C^.,^ saturated fatty acid. 

1 3. A composition according to Claim 1 2 in which the natural fatty substance comprises coconut 
oil or copra oil. 

30 1 4. A composition according to any one of Claims 8 to 1 3 in which the fatty acid ester is methyl 30 
ster. 

1 5. A composition according to any one of Claims 1 to 1 4 in which the gas oil comprises a cut of 
petroleum origin, the distillation range of which is from 1 20*>C — 1 90** C to SOO'^C — 380**C, that has a 
cetane number of from 38 to 58. 
35 1 6. A composition according to any one of Claims 1 to 1 5 that further contains a suitable 35 
proportion of at least one antiH);ddant 

1 7. A composition according to Claim 1 substantially as hereinbefore described in any one of 
Examples 2 to 13. 

1 8. A composition according to any one of Claims 1 to 1 7 as fuel in a diesel engine. 

Printed for Her M^fest/s StationefY Office by the Courier Press. Leamington Spa. 1982. Published by the Patent Office. 
25 Southampton Buildings London^ WC2A 1AY, from which oofte may be obtained. 



